Pakistan were invited to participate in this study. Prior discussions were held with key 1 3 7 administrative and community leaders to raise awareness of the study. Samples were taken by Blood samples were collected by venipuncture during peak malaria transmission seasons 1 4 5 between August to November 2017 and 2018. A total of 5 ml of intravenous blood was drawn 1 4 6 into EDTA tubes and stored at -20 0 C for gDNA isolation. Each sample was also routinely result. The test also contained an internal control 'C' band, exhibiting a burgundy colored 1 7 3 band of the immunocomplex of goat anti-mouse IgG/mouse IgG (anti-Pv-LDH and anti-Pf-1 7 4 HRP2) gold conjugates, regardless of the color development on 'C' band. Table S1 ). The overall scheme of the sample preparation is described in 1 8 3 Figure 2A . Adapters were added to these primers to allow the successive annealing of 1 8 4 subsequent metabarcode primers and N is the number of random nucleotides included 1 8 5 between the locus-specific primers and adapter to increase the variety of generated amplicons 1 8 6 as previously described by Chaudhry et al. (2019) . Four forward (Plasmo1_For, proportion ( Supplementary Table S1 ) and used for first-round PCR under the following with AMPure XP Magnetic Beads (1X) (Beckman Coulter, Inc.). After the purification, a second-round PCR was performed by using sixteen forward and twenty-four reverse barcoded primers. The barcoded forward (N501 to N516) and reverse 1 9 7 (N701 to N724) primers (10 uM each) were previously described by Chaudhry et al. (2019) . The primers were used in a manner that repetition of same forward and reverse sequences did The overall scheme of the data handling and bioinformatics analysis is described in Figure   2 1 2 2B. MiSeq data were handled with our own bioinformatics pipeline (Chaudhry et al., 2019).
1 3
Briefly, MiSeq separates all sequence reads during post-run processing using the barcoded 2 1 4 indices and to generate FASTQ files. The raw paired read-ends were run into the 2 1 5 'make.contigs' command to combine the two sets of reads for each sample. The command 2 1 6 extracts sequence and quality score data from the FASTQ files, creating the complement of 2 1 7 the reverse and forward reads, and then joining the reads into contigs. After removing the too 2 1 8 long, or ambiguous sequence reads, the data were then aligned with the P. falciparum and P. vivax reference sequence library (for more details Supplementary Data S1 and Result section 2 2 0 3.1) using the 'align.seqs' command to summarise the 589 bp and 568 bp fragments and creating a taxonomy file by using the 'summary.tax' command. Overall, 762674 million 2 2 5 reads of 18S rDNA were generated from the data set. For the phylogenetic analysis of P. falciparum and P. vivax 18S rDNA, all the classified 2 2 7 sequences were run on the 'screen.seqs' command and the count list of the consensus 2 2 8 sequences of each sample was created using the 'unique.seqs' command followed by the use 2 2 9 of the 'pre.cluster' command to look for sequences differences and to merge them in groups Supplementary Data S1). The maximum-likelihood tree shows distinct clustering of the P. species can be reliably differentiated by virtue of 18S rDNA sequence variations. Four replicates each of P. falciparum only (Mix 1), P. vivax only (Mix 2), and P. of the species being present ( Fig. 4 ; Supplementary Table S2 ). The mixing of different mock falciparum sequence reads and the Mix 2 pool yielded only P. vivax sequence reads (Fig. 4) . The immunochromatographic assay and metabarcoded DNA sequencing methods were 2 8 7 applied to malaria-positive blood samples to detect P. falciparum and P. vivax in the field 2 8 8 ( Fig. 5 , Supplementary Table S3 ). The results of both assays demonstrate that the prevalence 2 8 9 of P. vivax infection was higher than that of P. falciparum infection. In the case of the 2 9 0 metabarcoded DNA sequencing assay, those samples yielding more than 1000 reads 2 9 1 (implying sufficient gDNA for accurate amplification) were included in the analysis 2 9 2 ( Supplementary Table S3 ). Plasmodium vivax was present in 199 (69.8%) patients, P. falciparum in 84 (29.5%) and mixed infection in 2 (0.7%) patients (Fig. 5 ). The immunochromatographic assay showed that Plasmodium vivax was present in 187 (65.6%) (6.32%) malaria-positive cases were negative in RDT, but positive in the metabarcoded DNA sequencing assay (Fig. 5) . The degree of agreement between the immunochromatographic and metabarcoded DNA Classification Probability (CSCP) was also high in all four categories, ranging from 0.892 3 0 1 (95% CI: 0.807 -0.943) to 1. The Predictive Values (PV) for 'positive RDT' results were also 3 0 2 very high, ranging from 0.962 (0.860 -0.990) to 1. However, the PVs for 'negative RDT' 3 0 3 results were 0.816 (0.724 -0.883); being significantly lower than the Predictive Value for 3 0 4 both 'RDT P. falciparum' (p=0.004) and 'RDT P. vivax' (p<0.001) results. In samples with 3 0 5 similar disease prevalence, there is, therefore, an increased likelihood that a negative RDT 3 0 6 result may be incorrect. Overall, 112 different genotypes of the P. falciparum 18S rDNA locus were identified 3 1 0 among 84 field samples and 12 from the NCBI GenBank sequences (Supplementary Data S2 3 1 1 and section 3.1. and 3.3). The split tree shows at least two distinct clades (Fig. 6A ), and it sets ( Supplementary Data S2 and section 3.1. and 3.3 ). The split tree shows at least two distinct 3 1 8 clades (Fig. 6B) , and it sets apart that 3 genotypes in the Clade I, belong to the 'type S' 18S 3 1 9 rDNA as described by Li et al. (1994) . The remaining 45 genotypes were in clade II, 3 2 0 belonging to 'type A' 18S rDNA (Li et al., 1994b) . 7 genotypes predominated in groups 1 3 2 1 and 2, and 31 genotypes in group 3 (Fig. 6B ). Microscopic examination of blood smears remains the mainstay for the diagnosis of highly skilled microscopists (Canier et al., 2013; Echeverry et al., 2016) .
The immunochromatographic assay is also utilised in case investigation and malaria reliable automated high-throughput method to detect Plasmodium species in blood samples. samples. In the present study, we have evaluated a metabarcoded DNA sequencing method to 3 5 5 identify the presence of P. falciparum and P. vivax using mock parasite pools, applying the 3 5 6 method to malaria-positive blood samples, and the detection P. falciparum and P. vivax 3 5 7 rDNA18S genotypic variants in the field samples. We tested the ability of the metabarcoded DNA sequencing assay to accurately determine 3 5 9 the method in disease surveillance, similar to its application in the study of haemoprotozoan 4 0 2 parasites of livestock (Chaudhry et al., 2019) and dogs (Huggins et al., 2019) . This work was 4 0 3 undertaken to explore the possibilities for the application of this high throughput method to Qari, S.H., Goldman, I.F., Pieniazek, N.J., Collins, W.E., Lal, A.A., 1994 . Blood and sporozoite stage-5 0 0 specific small subunit ribosomal RNA-encoding genes of the human malaria parasite 5 0 1
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